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ABSTRACT 
Cutaneous blood flow in corticosteroid-blanched skin was measured by xenon 133 clear-
ance. Flow rates through symmetrical sites of the forearm in normal subjects revealed no sig-
nificant differences. A comparison of control sites and those treated with flurandreno lide re-
vealed a significant vasoconstriction at the test si te. The results suggest that vasoconstric-
tion activity of topical cortirosteroids may be quantitated utilizing isotope clearance tech-
niques. 
The important but often neglected fact that 
significant conrlu;.ions about the rate of '>kin blood 
llow cannot he drawn from skm color was first 
described by Sir Thomas Lew1s [lj. The "lugic" of 
a direct relationship bet ween the degree of redne!'.l> 
or paleness of skin and blood flow seems so 
irrefutable. that when Lobitz and Camobell re-
ported a delayed blanchin g of the skin in atopic 
individuals after intracutaneous mecholyl. there-
action became known as a "paradox!" J2J. Bystryn 
later demonstrated an increased flow rate through 
the blanched ~ite uti lizing the clearance of iodoan-
tipyrene 13 '1. further emphasizin~ 1 he inexact rela-
tionship bet ween blood t1ow rate~ and skin en lor 
[3\. 
In spite uf these remindl.'rs. many cont1nue lU 
assume that blanchin~ and \'a!"oronstriction are 
synonymous. The c·utnneou:-. blanrhing induced by 
topically applied cort irosteroids is the ba~i~ lor 
many clinical and labnral•)ry e"aluatwn~ of these 
drugs. e\·en thou~h the true mean1ng of corticos-
teroid-induced pallor remains unrlear . 
To evaluate the nature of this type ofhlanchinl!. 
we have utilized isotope clearance techntquc::. ini-
tially described b~ Kety l·IJ. and later utilized by 
Freedman et al in stud~ ing cutaneous cin·ulatinn 
[5). The use of isotopes ~uch as ~a 1311. which are 
soluble c rystal loids, presents two main problems 1n 
terms of the data obtained: (II Clearance of these 
substances probably reflects only nutriti\'e <capil-
laryl circulation. 1:21 Intracutaneous injection per 
se may alter blood Jlm1 and could pos;;ibly obscure 
minor va,.,ocun~trictor respon~e~ . 
A clearance model u~;mg xenon I :n gas a~ a 
mea;.ure of cutaneou,; blood flow has been proposed 
by Sejrsen [6\. This !lp1d-~oluhle and freely diiTusi-
hle isotope is thought to eros!\ oil va~cular harrier!\ 
and hence re11ects total skin blood !low. Further. 
xenon 1:1:1 gas can enter the skin through the intact 
epithelial surface tepicutaneou~ lahelini!l. there -
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fore eliminating trauma a:< a ~ourt·e of alteratwn of 
local blood flow. 
W e ha,·e utilized xenon J:l:J clearance to quanti· 
tat ively measure the effect;; of topical con ico-
Rtewids on cutaneous bl<X>d flow. 
MA I ERI ~Is A' II \lf'l 1101)" 
Subjects hf:>tween the uj!e, tll 18 unci 50 \\ithout 
ev1denre ul dermaltllngic or 1·a~rular dtst•ase were ,£>. 
let·ted Total rc~l!ll~ ~km blond no\\ nt the lorearm WM 
determined by the C'learant·e ul epJ<·ut<mPnu.~h applied 
xenon 1:1:! tn 11 cnnirol suhj£>tts In an aclduinnal 'i 
\\UhJcCb. a comparison nl dilkrence~ in 11m\ nt bilateral 
Rvmmetrical stl{•s ol the j(,re~trm was ohtotnt'd. The 
expenmemal gwup rnnststed ut 1-1 suh.tett> 111 whum 
pol vet hylent' 1 ape with I mqdcm 2 nf flurandrenulide 
dtsper,ed in 1he :tdhe~i1e layer and a ~llntlar non-
methcated lilpe \~ere applied to ~~·rnmetm·al ,Jlc;, of the 
forearm L!:> :!·1 hr prinr tn the ' tudv. To en,url' standard 
condtt tons the li•llo" mg prt>cauuun~ were nhserq~d Ill 
ThC' tapt'' were rc.>mmcd :111 min pnur 10 be~innin~ the 
st udl' tu oh1 tale t raumatJcall~ indurE'd hyperemia. 1:!1 
All pal ient" were rt•rumbent 211 min prior 111 beginning 
the ,_,\Ulh (:II rh{' ('X\ remit\" Ill he ,._tudied W8\-o re>.ted and 
suppnrtPd 111 n phiPhn>lfltlt' leHI In .lssurc adequnte 
\'emnts draullli(E'. (~I Hoom JC'rnperalure wa~ :!:.! 1°\ 
and rela11ve humtclll\ wa' Ill'. In•·,. 
Total skm blood llow was rnea~urt'cl h\' R mudtlkalll>n 
of 1 h(' atruumat ic l'Pll'lll amwus l,lhclin;! let hn•<tue of 
Sejrsen 161. in whtt·h ~!'non l:l:l enter~ the cutaneou;, 
ll~"urs thruuj!h thf.' mt:KI epJthelial "urt nt·e A.:; ;; t·m 
vinvl membrane\'''" atn~ccl w thP skm bl' poJ~·('(hylene 
tape 111 Its margms. Xt•nun 1:1:1 gas. "11 h ,, "Jlet•tllc 
atJ i1 it1 ol :.. 10 mr!ml. wus 1111 rndut•ed undPr 1 he mem· 
hrane from a syrmge and left m t'11ntad wtth th~ "kin t"r 2 
mtn. The membrane was th£>n rt•muvPd and the ext•e;s 
ga~ bl<m n awR\'. !'his cptl'lll aneuus labt•lhng rl.'sult,.. 1n 
thllul'IO!l \n\n tlw rutmwnu.-. lts:-m• PI a mmute Iran inn of 
the isotope Jllilialh brought into t'Onlacl with 1he ~kin A 
rountlll!( rate nf tht• ordl'r ol I 10 HI'· coun 1 ~, mm was 
obtained. 
C'<tllnlmg 11as pl'rformt·d u~Jnl! a nuclt•ar pro Ill' wi1 h a 
:2" :;udtum iodide c·rvstlll Jll111ll'dtnteh lollowin~ remo\'al 
nl the 1111yl memhrant• Tht: ~rtntdlatton de-lel'lor \\as 
mupl<'d to a s(·alE'r rcl{hlf!rlllg 1he t•tountinl( rate a1 .;.,ec 
in1 en·a),; and r£-corded on a strtp chart lor itt least ·m nun . 
Alter t•nrrecl ion lor hnt·k;:rnund. it is possible Ln 
c-alcul.ll(• in <1 >t'mdoga ril hmtc ,.\',..it•m 1he blood llow. F', 
[rnrn llw 11\\llal. linear pnrtl~>ll ,,t thl.' rmve lhl!\g the 
formula desmhed h) Se-jr~en 161· 
C'OH IICOSTF.HOID· I'\J>l (ED \ \~OCO'\" I HI\TI07' 
F In:! • \ • HlO mllltMl ~o:m r nun 
T •. 
"lwr1• In:! i~ tlw natural lol(arithm ul '.! 11Lf)9:li: \ ll 7 
and ,,. th<• t''.Jleriuwntally demon,.tratl"cl ti,stw to hluod 
Jlilflltiun l'O!•IIil'll'nl ul \f•non J.l:~: and T is thl' llllll' lor 
on<• hall ol I h<' iniual t'lllll't-111 r.ll ion ul 1 hL• l'l>lllfll' tu hl' 
rr mm Nl I rum 1 h<· clepol 
IIE~ ll T :-> 
:\l ea,..urement:-. of xenon t:tl clearance in the 
cnnt rnl ,..uhjet·t-. reve>aled a mean -..ktn blood tlcm of 
11.~ I 0.1' ml/lllO gm min. Cnmpan,..on of dil!er-
l'IH'es 111 blood 11 m\ 111 symml'lrtcal sill's ga\e mean 
\alue" of 6.69 1 1.0:1 ml/ 10ll ~m/mm and 6.H:I , 
l.~ri ml /gm/min nn the nght and left arms. re,pet . 
ti\ eh The mean difference 111 s\ mmetrical ,..rte,.. 111 
the rnnlrol grnup wa,.. .t I pl•n·ent and i,.. nnt 
..,t a t t>'llcalh "ignitkant p 0" ll.91. 
Difference, m blood tlnw m symmetncal "Il l's 
l'ollcl\\int: tlurandrenolide -imprcgnatt•d tape and 
the <·ontrol tape ore· giH•n rn the Table. The mean 
hlood t1 cm in the control '-lie \\'11" ;l.;).'i ml 100 
g mm m a" compared with :uq ml 100 gmlmm tn 
thP sill' treall'cl \\ith tlurandrennltde. The Jll('llll 
difli.•reneP is · 1~ penent and i,.. >-ta t isticall~· ,..ignifi -
cnntlp 0.0 11 
l>ls( l,.,SIO'-
Xenon 1:1:1 \\as iipplied epicutaneuusl) and al -
lcm <'d tn diffuse into the cutatwnu" tt-.sue;.. thereh\ 
eli mmat in)! po,..,.,thle error,.. 111 measurement due to 
rnPchamcal a lt era! ion,. ut local blood tlm\ . Sejr,<'n 
II I ohsP rHd o foster tnitiul clearante fol lowing 
intracutaneous in wet ion of x<'non I :1:1 and com -
pared Ppil·utam•ou;, lahelhn)! to intratutanC'nu" 
mjecllun of the i,.otope v.ith hr:-.tamine added to 
obtatn ma\rmal blood lln\\ , lie ~ugge ... tecl that the 
art il'al't t' r<'a ted 1)\ injet•tion i,.. of little "iJ!nitkance. 
It mu ... t he nntNI. hmH'\(' r. that hb studit·" \\Cre of 
normal and high raH•,... whil<' the pre,.,ent ;,t udy 
concern-. ihell with derrP<t-.£•d ratt'" ot tl<m. Ar-
trfactual mnea~e;. 111 Iota! blood 110\\ mtght be ex-
pected to be exaggerated in \·asoconstm·ted skin 
and enul d obscure mild degre>es of \·as<lconst riel ion . 
An addnional con-.tderarion i!:i \\hether retrc ·-
grade dilltNnn w the ennmnmen t i-. a -,ignifttant 
factor \\ ith r<'duced rate" of blood tlcm Under 
condtt ion:- nt normal tlo\\. retrograde d ttfuswn 
accounts tor 1 ~ p<'rt't•nt of that cleured hv blood 
111. To det<'rmine the effect of thts factor on 
clearam·e \Hlue,.., isotope ]c),-, from the depot dur-
ing an arre,t ed l'trntlat wn wa~ measured in 6 
subjet·ts 1 he mean loss was approxrmately 1 
percent \\hich i, not s tgnitirant 
Our re,..ults agree with tho~e repon ed h~ other!> 
17. 81. ~\ lors report ed a mean skin blood flcm in 
normals of fi .. 'i ml 100 1011/ min as t·ompared to 6.2-t 
ml/100 gm. mm tn thrs stud~. Cortrco,ternid-
blanched skll\ re\<'aled a 'iignificant decrease in 
blood tlcm This \ a>-ocons;nction correlat es "ell 
wnh the oiJ,.,erved {' Utan<'ou, pallor. It i~ of intere:o t 
that one ~uhJect developNI moderate e rythema and 
edema at the test ~tt e. and there was twofold 
increa,.,<' rn the flcm rate a,.. compared \\ith the 
control. 
A reltable> method for mea!'uring the effect~ <lf 
topical cortico:.ter01d;. would be usefu l in C\'aluat-
m g new co mpounds andll:;,e:-sulg their role in the 
therap\ of cutaneou;. di~ea)',e. Mc-1\enzrc 191 was 
able to correlate cutaneuu;. pallor with clinical 
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potency <11 topind -.teroid\>. While -..uhject ive im-
presl>ion;. of cutaneous blanching h3\·e been useful. 
they arc. at best. rough guides of the vasocnnstnc-
tor acti,·ity and oiler little quantitative data. We 
have dernon,.trated that ~teroid-inrluced va,;ocon-
striction can be quantitated uulizing xenon 1:1:~ 
clearance. Comparati,·e ~tudtel> of the va~ocon­
slrictor activitv of topically applied mrticn:-temid, 
utilizing thi" method might provtde a more ~ensi­
li'e measure of the efficacv ol the~e compnunds 
than method, currently employed. \'asoconstnc -
lion a:. an index of percutaneou::o absorption could 
similarly be examined. F'urther study u-.ing the 
clearance ol epinu aneously applied xenon I :3:1 
would ;.eem to be indicated. 
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